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(57) ABSTRACT

A solar cell includes a substrate, an emitter region positioned
atafirst surface of the substrate, a first electrode positioned on
the first surface of the substrate, a back passivation layer
positioned on a second surface opposite the first surface of the
substrate, and a second electrode which is positioned on the
back passivation layer and is electrically connected to the
substrate through holes of the back passivation layer. The
second electrode includes connection electrodes positioned
inside the holes of the back passivation layer and a back
electrode layer positioned on the connection electrodes and
the back passivation layer. An adhesion enhanced layer is
positioned between the back electrode layer and the back
passivation layer and contains at least one of intrinsic amor-
phous silicon and intrinsic microcrystalline silicon.

13 Claims, 7 Drawing Sheets
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1
SOLAR CELL

This application claims priority to and the benefit of
Korean Patent Application No. 10-2012-0088462 filed in the
Korean Intellectual Property Office on Aug. 13, 2012, the
entire contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

Embodiments of the invention relate to a solar cell.

2. Description of the Related Art

Recently, as existing energy sources such as petroleum and
coal are expected to be depleted, interests in alternative
energy sources for replacing the existing energy sources are
increasing. Among the alternative energy sources, solar cells
have been particularly spotlighted as cells for generating elec-
tric energy from solar energy, because the solar cells are able
to draw energy from an abundant source and do not cause
environmental pollution.

A solar cell generally includes a substrate and an emitter
region, which are formed of a semiconductor of different
conductive types, for example, a p-type and an n-type, and
electrodes respectively connected to the substrate and the
emitter region. A p-n junction is formed at an interface
between the substrate and the emitter region.

When light is incident on the solar cell, a plurality of
electron-hole pairs are generated in the semiconductors. The
electron-hole pairs are separated into electrons and holes.
Then, the separated electrons move to the n-type semicon-
ductor (e.g., the emitter region), and the separated holes move
to the p-type semiconductor (e.g., the substrate). The elec-
trons and holes are collected by the electrodes electrically
connected to the emitter region and the substrate, respec-
tively. The electrodes are connected to each other using elec-
tric wires to thereby obtain electric power.

SUMMARY OF THE INVENTION

In one aspect, there is a solar cell including a substrate
containing impurities of a first conductive type, an emitter
region positioned at a first surface of the substrate, the emitter
region containing impurities of a second conductive type
opposite the first conductive type, a first electrode which is
positioned on the first surface of the substrate and is electri-
cally connected to the emitter region, a back passivation layer
positioned on a second surface opposite the first surface of the
substrate, the back passivation layer having a plurality of
holes, a second electrode which is positioned on the back
passivation layer and is electrically connected to the substrate
through the plurality ofholes of the back passivation layer, the
second electrode including a plurality of connection elec-
trodes and a back layer, the plurality of connection electrodes
being positioned inside the plurality of holes of the back
passivation layer and the back electrode layer being posi-
tioned on the plurality of connection electrodes and the back
passivation layer, and an adhesion enhanced layer positioned
between the back electrode layer of the second electrode and
the back passivation layer, the adhesion enhanced layer con-
taining at least one of intrinsic amorphous silicon and intrin-
sic microcrystalline silicon.

The adhesion enhanced layer may include a metal-silicon
alloy layer at an interface between the adhesion enhanced
layer and the back electrode layer. The metal-silicon alloy
layer formed at the interface between the adhesion enhanced
layer and the back electrode layer may be an aluminum-
silicon alloy layer.
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A thickness of the adhesion enhanced layer may be about
10 nm to 100 nm. A refractive index of the adhesion enhanced
layer may be greater than a refractive index of the back
passivation layer. For example, the refractive index of the
adhesion enhanced layer may be about 3.7 to 4.2.

The solar cell may further include a diffusion barrier layer
positioned between the back passivation layer and the adhe-
sion enhanced layer. The diffusion barrier layer may contain
silicon nitride (SiINX). A refractive index of the diffusion
barrier layer may be about 2.1 to 2.3. A thickness of the
diffusion barrier layer may be about 30 nm to 70 nm.

The back passivation layer may contain at least one of
aluminum oxide (AlOx), silicon oxide (SiOx), silicon nitride
(SiNx), and silicon oxynitride (SiOxNy). The back passiva-
tion layer may include a plurality of layers.

For example, the back passivation layer may include a first
passivation layer abutting on the substrate and a second pas-
sivation layer positioned on the first passivation layer. The
first passivation layer may contain aluminum oxide (AlOx),
and the second passivation layer may contain silicon oxide
(Si0x). A thickness of the first passivation layer may be about
Snmto 15 nm, and a thickness of the second passivation layer
may be about 150 nm to 250 nm.

The back electrode layer may contain a glass frit equal to or
less than about 1 wt % per unit volume of the second elec-
trode.

The connection electrodes and the back electrode layer
may be formed of the same material and may contain alumi-
num (Al).

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention. In the
drawings:

FIG. 11is a partial perspective view of a solar cell according
to an example embodiment of the invention;

FIG. 2 is a cross-sectional view taken along line II-II of
FIG. 1,

FIG. 3 is an enlarged view of a portion “K” of FIG. 2;

FIGS. 4 and 5 illustrate a chemical combination generated
at an interface between an adhesion enhanced layer and a
back electrode layer;

FIG. 6 is a graph indicating a reflectance of an adhesion
enhanced layer depending on a thickness of an adhesion
enhanced layer; and

FIG. 7 shows that a solar cell according to an example
embodiment of the invention further includes a diffusion
barrier layer between an adhesion enhanced layer and a back
passivation layer.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Reference will now be made in detail to embodiments of
the invention, examples of which are illustrated in the accom-
panying drawings. This invention may, however, be embod-
ied in many different forms and should not be construed as
limited to the embodiments set forth herein. Wherever pos-
sible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts. It will be paid
attention that a detailed description of known arts will be
omitted if it is determined that the known arts can obscure the
embodiments of the invention.
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In the drawings, the thickness of layers, films, panels,
regions, etc., are exaggerated for clarity. It will be understood
that when an element such as a layer, film, region, or substrate
is referred to as being “on” another element, it can be directly
on the other element or intervening elements may also be
present. In contrast, when an element is referred to as being
“directly on” another element, there are no intervening ele-
ments present. Further, it will be understood that when an
element such as a layer, film, region, or substrate is referred to
as being “entirely” on other element, it may be on the entire
surface of the other element and may not be on a portion of an
edge of the other element.

Example embodiments of the invention will be described
with reference to FIGS. 1to 7.

FIG. 1is a partial perspective view of a solar cell according
to an example embodiment of the invention. FIG. 2 is a
cross-sectional view taken along line II-1I of FIG. 1.

As shown in FIG. 1, a solar cell according to an example
embodiment of the invention includes a substrate 110, an
emitter region 120, an anti-reflection layer 130, a plurality of
back surface field regions 160, a back passivation layer 170, a
first electrode 140, and a second electrode 150.

FIG. 1 shows that the solar cell according to the embodi-
ment of the invention includes the anti-reflection layer 130.
Alternatively, the anti-reflection layer 130 may be omitted in
the embodiment of the invention. However, it is preferable,
but not required, that the anti-reflection layer 130 is formed in
consideration of improving the efficiency of the solar cell.

The substrate 110 is a semiconductor substrate formed of
silicon containing impurities of a first conductive type, for
example, a p-type, though not required. Silicon used in the
substrate 110 may be single crystal silicon, polycrystalline
silicon, or amorphous silicon. When the substrate 110 is of the
p-type, the substrate 110 contains impurities of a group III
element such as boron (B), gallium (Ga), and indium (In).
Alternatively, the substrate 110 may be of an n-type and/or
may be formed of a semiconductor material other than sili-
con. Ifthe substrate 110 is of the n-type, the substrate 110 may
contain impurities of a group V element such as phosphorus
(P), arsenic (As), and antimony (Sb).

FIGS. 1 and 2 show that uneven portions are not formed on
the surface of the substrate 110. Alternatively, the substrate
110 may be textured to have a textured surface corresponding
to an uneven surface or having uneven characteristics.

The emitter region 120 is positioned at a first surface of the
substrate 110, on which light is incident. The emitter region
120 contains impurities of a second conductive type (for
example, n-type) opposite the first conductive type (for
example, p-type) of the substrate 110 to thereby form a p-n
junction along with the substrate 110.

Carriers, i.e., electron-hole pairs produced by light incident
on the substrate 110 are separated into electrons and holes by
the p-n junction between the substrate 110 and the emitter
region 120. Then, the separated electrons move to the n-type
semiconductor, and the separated holes move to the p-type
semiconductor. Thus, when the substrate 110 is of the p-type
and the emitter region 120 is of the n-type, the electrons move
to the emitter region 120, and the holes move to the substrate
110. Majority carriers in the substrate 110 are holes, and
majority carriers in the emitter region 120 are electrons.

Because the emitter region 120 forms the p-n junction
along with the substrate 110, the emitter region 120 may be of
the p-type when the substrate 110 is of the n-type unlike the
embodiment described above. In this instance, the electrons
may move to the substrate 110, and the holes may move to the
emitter region 120.
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Returning to the embodiment of the invention, when the
emitter region 120 is of the n-type, the emitter region 120 may
be formed by doping the substrate 110 with impurities of a
group V element such as phosphorus (P), arsenic (As), and
antimony (Sb). On the contrary, when the emitter region 120
is of the p-type, the emitter region 120 may be formed by
doping the substrate 110 with impurities of a group III ele-
ment such as boron (B), gallium (Ga), and indium (In).

The anti-reflection layer 130 is positioned on the emitter
region 120 and may be formed of silicon nitride (SiNy) or
silicon oxide (SiOy), etc. The anti-reflection layer 130
reduces a reflectance of light incident on the solar cell and
increases selectivity of a predetermined wavelength band,
thereby increasing the efficiency of the solar cell. The anti-
reflection layer 130 may have a thickness of about 80 nm to
100 nm, for example. The anti-reflection layer 130 may be
omitted, if desired or necessary.

The first electrode 140 is positioned on the emitter region
120 and is electrically connected to the emitter region 120. As
shown in FIG. 1, the first electrode 140 includes a plurality of
finger electrodes 141 and a plurality of front bus bars 143.

The plurality of finger electrodes 141 are positioned on the
emitter region 120 and are electrically connected to the emit-
ter region 120. The finger electrodes 141 are separated from
one another and extend in a fixed direction. The finger elec-
trodes 141 collect carriers (for example, electrons) moving to
the emitter region 120.

The plurality of front bus bars 143 are positioned on the
emitter region 120 and are formed on the same level layer as
the finger electrodes 141. The front bus bars 143 are electri-
cally connected to the finger electrodes 141 and extend in a
direction crossing the finger electrodes 141. The front bus
bars 143 collect carriers, which are collected by the finger
electrodes 141 and move, and then output the collected car-
riers to an external device.

The finger electrodes 141 and the front bus bars 143 may be
formed of at least one conductive material. Examples of the
conductive material include at least one conductive material
selected from the group consisting of nickel (Ni), copper
(Cu), silver (Ag), aluminum (Al), tin (Sn), zinc (Zn), indium
(In), titanium (Ti), gold (Au), and a combination thereof.
Other conductive materials may be used.

As shown in FIGS. 1 and 2, the back passivation layer 170
is positioned on a second surface opposite the first surface of
the substrate 110 and may have a plurality of holes.

A cross-sectional shape of each of the plurality of holes
formed in the back passivation layer 170 may be a circle ora
polygon.

The back passivation layer 170 performs a passivation
function for reducing a recombination of carriers at and
around the second surface of the substrate 110. Further, the
back passivation layer 170 increases an inner reflectance of
light passing through the substrate 110, thereby increasing the
reincidence of light passing through the substrate 110.

The second electrode 150 is positioned inside and on the
holes of the back passivation layer 170 and is electrically
connected to the substrate 110 through the holes of the back
passivation layer 170. The second electrode 150 contains a
metal material.

As shown in FIGS. 1 and 2, the second electrode 150
includes a plurality of connection electrodes 151 and a back
electrode layer 153 and also may further include a plurality of
back bus bars 155.

The connection electrodes 151 are positioned inside the
holes of the back passivation layer 170 and are electrically
connected to the substrate 110. The back electrode layer 153
is positioned on the back passivation layer 170 and connects
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the connection electrodes 151 positioned inside the holes of
the back passivation layer 170 to one another.

The connection electrodes 151 and the back electrode layer
153 may be formed of a conductive material such as alumi-
num (Al). Alternatively, the connection electrodes 151 and
the back electrode layer 153 may be formed of at least one
conductive material selected from the group consisting of
nickel (Ni), copper (Cu), silver (Ag), tin (Sn), zinc (Zn),
indium (In), titanium (Ti), gold (Au), and a combination
thereof. Other conductive materials may be used.

The connection electrodes 151 and the back electrode layer
153 may be formed of the same material. For example, both
the connection electrodes 151 and the back electrode layer
153 may be formed of aluminum (Al).

The connection electrodes 151 collect carriers (for
example, holes) moving from the substrate 110 and transfer
the collected carriers to the back electrode layer 153. The
connection electrodes 151 may be formed by forming holes in
the back passivation layer 170 and an adhesion enhanced
layer 190 using a laser or an etching paste, applying a paste
containing the conductive material such as aluminum (Al) to
the holes, and performing a thermal process on the paste.

The back bus bars 155 are positioned on the back passiva-
tion layer 170 and are electrically connected to the connection
electrodes 151 or the back electrode layer 153. The back bus
bars 155 may have a stripe shape extending in the same
direction as the front bus bars 143. In this instance, the back
bus bars 155 may be positioned opposite the front bus bars
143.

FIGS. 1 and 2 show that the back bus bars 155 are formed
on the back passivation layer 170 while overlapping the con-
nection electrodes 151. Alternatively, the back bus bars 155
may be formed on the back passivation layer 170 while not
overlapping the connection electrodes 151.

In another embodiment of the invention, the back bus bars
155 may include a plurality of conductors of a circle shape or
a polygon shape which are positioned at a constant distance
therebetween.

The back bus bars 155 collect carriers (for example, holes)
which are transferred from the substrate 110 to the back
electrode layer 153 through the connection electrodes 151,
and output the carriers to the external device.

The back bus bars 155 may be formed of a conductive
material such as silver (Ag). Alternatively, the back bus bars
155 may be formed of at least one conductive material
selected from the group consisting of nickel (Ni), copper
(Cw), aluminum (Al), tin (Sn), zinc (Zn), indium (In), tita-
nium (T1), gold (Au), and a combination thereof. Other con-
ductive materials may be used.

The back bus bars 155 may be formed so that they partially
overlap an upper part of the back electrode layer 153 and are
electrically connected to the back electrode layer 153. Thus,
a contact resistance between the back bus bars 155 and the
back electrode layer 153 decreases, and a contact efficiency
therebetween is improved. Hence, the transfer efficiency of
carriers from the back electrode layer 153 to the back bus bars
155 is improved.

The back surface field regions 160 are positioned between
the connection electrodes 151, which are positioned inside
the holes of the back passivation layer 170, and the substrate
110. Each of the back surface field regions 160 is a region (for
example, a p*-type region) which is more heavily doped than
the substrate 110 with impurities of the same conductive type
as the substrate 110.

The back surface field regions 160 are formed by diffusing
the metal material (i.e., impurities of the first conductive type)
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contained in the second electrode 150 into the substrate 110
when the second electrode 150 is dried and fired through the
thermal process.

A potential barrier is formed by a difference between impu-
rity doping concentrations of the substrate 110 and the back
surface field regions 160 to thereby generate a potential dif-
ference between the substrate 110 and the back surface field
regions 160. Hence, the potential barrier prevents or reduces
electrons from moving to the second surface of the substrate
110, thereby preventing a recombination and/or a disappear-
ance of electrons and holes at and around the second surface
of the substrate 110.

An operation of the solar cell having the above-described
structure is described below.

When light irradiated to the solar cell is incident on the
substrate 110 through the anti-reflection layer 130 and the
emitter region 120, a plurality of electron-hole pairs are gen-
erated in the substrate 110 by light energy produced based on
the incident light. In this instance, because a reflection loss of
the light incident on the substrate 110 is reduced by the
anti-reflection layer 130, an amount of light incident on the
substrate 110 increases.

The electron-hole pairs are separated into electrons and
holes due to the p-n junction of the substrate 110 and the
emitter region 120. The electrons move to the n-type emitter
region 120, and the holes move to the p-type substrate 110.
The electrons moving to the emitter region 120 are collected
by the finger electrodes 141 and are transferred to the front
bus bars 143. The holes moving to the substrate 110 are
transferred to the connection electrodes 151 and are collected
by the back bus bars 155. When the front bus bars 143 are
connected to the back bus bars 155 using conductive wires,
current flows therein to thereby enable use of the current for
electric power.

As shown in FIG. 2, the solar cell according to the embodi-
ment of the invention further includes the adhesion enhanced
layer 190 between the back electrode layer 153 and the back
passivation layer 170. The adhesion enhanced layer 190 con-
tains at least one of intrinsic amorphous silicon and intrinsic
microcrystalline silicon.

The adhesion enhanced layer 190 physically and chemi-
cally fixes the back electrode layer 153 to the second surface
of'the substrate 110. Thus, when the adhesion enhanced layer
190 is formed, a chemical combination is generated at an
interface between the adhesion enhanced layer 190 and the
back electrode layer 153. Hence, as shown in FIGS. 1 and 2,
the adhesion enhanced layer 190 may prevent a crack from
being generated between the back electrode layer 153 and the
connection electrodes 151 due to an adhesion pressure of
interconnectors in a tabbing process for electrically connect-
ing the plurality of solar cells to one another using the inter-
connectors.

The adhesion enhanced layer 190 and the back passivation
layer 170 abutting on the adhesion enhanced layer 190 are
described in detail below.

FIG. 3 is an enlarged view of a portion “K” of FIG. 2 so as
to describe in detail the adhesion enhanced layer and the back
passivation layer.

As shown in FIG. 3, the solar cell according to the embodi-
ment of the invention further includes the adhesion enhanced
layer 190 on the back passivation layer 170 positioned on the
second surface of the substrate 110.

In the embodiment of the invention, the back passivation
layer 170 may contain at least one of aluminum oxide (A1Ox),
silicon oxide (SiOx), silicon nitride (SiNx), and silicon
oxynitride (SiOxNy) and may include a plurality of layers.
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For example, as shown in FIG. 3, the back passivation layer
170 may include a first passivation layer 170qa abutting on the
substrate 110 and a second passivation layer 1705 positioned
on the first passivation layer 170a.

In this instance, for example, when the substrate 110 has
positive (+) charge characteristics of the p-type, the first pas-
sivation layer 170a directly contacting the substrate 110 may
contain aluminum oxide (AlOx) having negative (-) charge
characteristics, and the second passivation layer 1706 may
contain silicon oxide (SiOx) having positive (+) charge char-
acteristics.

On the contrary, if the substrate 110 has negative () charge
characteristics of the n-type unlike the embodiment of the
invention, the back passivation layer 170 may has a single-
layered structure. In this instance, the back passivation layer
170 may contain at least one of silicon oxide (SiOx), silicon
nitride (SiNx), and silicon oxynitride (SiOxNy), each of
which has positive (+) charge characteristics.

As shown in FIG. 3, when the back passivation layer 170
includes the first passivation layer 170qa and the second pas-
sivation layer 1705, a thickness of the first passivation layer
170a may be about 5 nm to 15 nm, and a thickness of the
second passivation layer 1705 may be about 150 nm to 250
nm.
Further, a thickness of the adhesion enhanced layer 190
according to the embodiment of the invention may be about
10 nm to 100 nm.

A reason why the thickness of the adhesion enhanced layer
190 is equal to or greater than about 10 nm is to form the back
electrode layer 153 on the adhesion enhanced layer 190 and to
secure a minimum thickness capable of forming the chemical
combination when the thermal process is performed to form
the chemical combination between the back electrode layer
153 and the adhesion enhanced layer 190. Further, in this
instance, a reflectance of the adhesion enhanced layer 190
may further increase.

Further, a reason why the thickness of the adhesion
enhanced layer 190 is equal to or less than about 100 nm is to
prevent an excessive increase in the thickness of the adhesion
enhanced layer 190 while increasing the reflectance of the
adhesion enhanced layer 190. Hence, the manufacturing cost
and time of the solar cell may be reduced.

More specifically, the adhesion enhanced layer 190 may be
formed by depositing at least one of intrinsic amorphous
silicon and intrinsic microcrystalline silicon on the back pas-
sivation layer 170 in a vacuum chamber using a chemical
vapor deposition (CVD) method such as a plasma enhanced
CVD (PECVD) method. In this instance, as the thickness of
the adhesion enhanced layer 190 increases, a deposition time
in the vacuum chamber may increase. Hence, the manufac-
turing cost may increase. Therefore, it is preferable, but not
required, that the thickness of the adhesion enhanced layer
190 is equal to or less than about 100 nm in consideration of
this.

In the embodiment of the invention, a refractive index of
the adhesion enhanced layer 190 may be greater than a refrac-
tive index of the back passivation layer 170. For example, the
refractive index of the adhesion enhanced layer 190 may be
about 3.7 to 4.2, and the refractive index of the back passiva-
tion layer 170 may be about 1.7 to 2.3.

Light of a long wavelength band (for example, about 900
nm to 1300 nm), which is not absorbed in the substrate 110
among light of various wavelength bands incident on the first
surface of the substrate 110, is again reflected into the sub-
strate 110 by a difference between the refractive indexes of
the adhesion enhanced layer 190 and the back passivation
layer 170. Hence, the power generation efficiency of the solar
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cell may be improved. The light reflection through the adhe-
sion enhanced layer 190 is related to the thickness of the
adhesion enhanced layer 190. This is described in detail with
reference to FIG. 6.

The chemical combination of the adhesion enhanced layer
190 is described in detail below.

FIGS. 4 and 5 illustrate the chemical combination gener-
ated at an interface between the adhesion enhanced layer and
the back electrode layer.

As shown in FIG. 4, the adhesion enhanced layer 190
according to the embodiment of the invention may include,
for example, an intrinsic amorphous silicon (a-Si) layer 1905.
Further, the adhesion enhanced layer 190 may include a
metal-silicon alloy layer 190a at an interface between the
adhesion enhanced layer 190 and the back electrode layer
153.

When the back electrode layer 153 contains, for example,
aluminum (Al), the metal-silicon alloy layer 190a formed at
the interface between the adhesion enhanced layer 190 and
the back electrode layer 153 may be an aluminum-silicon
alloy layer.

The metal-silicon alloy layer 190a is formed by a chemical
combination between a silicon material contained in the
adhesion enhanced layer 190 and a metal material contained
in the back electrode layer 153. As described above, the
chemical combination between the adhesion enhanced layer
190 and the back electrode layer 153 may strongly and stably
attach the back electrode layer 153 to the second surface of
the substrate 110.

Accordingly, the solar cell according to the embodiment of
the invention including the adhesion enhanced layer 190 on
the second surface of the substrate 110 may prevent a phe-
nomenon, in which a crack is generated between the back
electrode layer 153 and the connection electrodes 151 while a
portion of the back electrode layer 153 is pushed by the
adhesion pressure of the interconnectors to thereby cause a
short circuit between the back electrode layer 153 and the
connection electrodes 151 in the tabbing process for electri-
cally connecting the plurality of solar cells to one another
using the interconnectors.

As shown in FIG. 4, the metal-silicon alloy layer 190a may
be formed at an interface between the adhesion enhanced
layer 190 and the connection electrodes 151 as well as the
interface between the adhesion enhanced layer 190 and the
back electrode layer 153. Hence, the short circuit between the
back electrode layer 153 and the connection electrodes 151 in
the subsequent tabbing process may be efficiently prevented.

A method for forming the metal-silicon alloy layer 190a is
briefly described below.

First, the back passivation layer 170 is formed on the sec-
ond surface of the substrate 110, and then the adhesion
enhanced layer 190 including the intrinsic amorphous silicon
layer 1906 is formed on the back passivation layer 170.

In this instance, the adhesion enhanced layer 190 including
the intrinsic amorphous silicon layer 1906 may be formed in
the vacuum chamber using the CVD method such as the
PECVD method.

Next, a paste (hereinafter referred to as “second electrode
paste”) for the second electrode 150 containing, for example,
aluminum is applied to the adhesion enhanced layer 190 in a
state where the intrinsic amorphous silicon layer 19056 of the
adhesion enhanced layer 190 is deposited, to form the con-
nection electrodes 151 and the back electrode layer 153.

Next, the thermal process is performed on the second elec-
trode paste to form the second electrode 150, and the back
surface field regions 160 are formed between the second
surface of the substrate 110 and the connection electrodes
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151. In the embodiment of the invention, a maximum tem-
perature of the thermal process may be about 700° C. to 800°
C.

In the thermal process for firing the second electrode paste
to form the second electrode 150, aluminum contained in the
second electrode paste is melted, and silicon contained in the
intrinsic amorphous silicon layer 1905 is partially melted.

Hence, aluminum contained in the second electrode paste
and silicon contained in the intrinsic amorphous silicon layer
19054 are chemically combined. Thus, as shown in FI1G. 4, the
metal-silicon alloy layer 190a may be formed at the interface
between the adhesion enhanced layer 190 and the back elec-
trode layer 153.

As shown in FIG. 5, the metal-silicon alloy layer 190a
formed at the interface between the adhesion enhanced layer
190 and the back electrode layer 153 may be equally applied
to the structure of the adhesion enhanced layer 190 containing
intrinsic microcrystalline silicon.

Namely, as shown in FIG. 5, the adhesion enhanced layer
190 may include the metal-silicon alloy layer 190a and an
intrinsic microcrystalline silicon 1905".

In the above-described thermal process for firing the sec-
ond electrode paste to form the second electrode 150, the
intrinsic microcrystalline silicon 1905' may be formed by
relatively increasing a time for which the maximum tempera-
ture of the thermal process is held.

For example, when the maximum temperature of the ther-
mal process of the second electrode paste is held for several
seconds, for example, about 3 to 5 seconds, a phase change is
little generated in the intrinsic amorphous silicon layer 1905
of the adhesion enhanced layer 190. The chemical combina-
tion may be generated only at an interface between the adhe-
sion enhanced layer 190 and the second electrode paste.

On the other hand, when the maximum temperature of the
thermal process of the second electrode paste is held for
several tens of seconds to several minutes, the phase change
may be generated in the intrinsic amorphous silicon layer
1904 of the adhesion enhanced layer 190 as well as the inter-
face between the adhesion enhanced layer 190 and the second
electrode paste.

More specifically, the intrinsic amorphous silicon layer
1904 of the adhesion enhanced layer 190 may be partially
crystallized in proportion to the hold time of the maximum
temperature of the thermal process and thus may be changed
to the intrinsic microcrystalline silicon 1904'. Further, crys-
tallinity of the intrinsic microcrystalline silicon 1905' may
depend on the maximum temperature of the thermal process
and the hold time of the maximum temperature.

FIGS. 4 and 5 show that the adhesion enhanced layer 190
includes the metal-silicon alloy layer 190a and the intrinsic
amorphous silicon layer 1905 or the metal-silicon alloy layer
190a and the intrinsic microcrystalline silicon 1905'. Alter-
natively, the adhesion enhanced layer 190 may include the
metal-silicon alloy layer 190a and both the intrinsic amor-
phous silicon layer 1905 and the intrinsic microcrystalline
silicon 1905’

As described above, because the adhesion enhanced layer
190 according to the embodiment of the invention is used to
firmly attach and fix the back electrode layer 153 to the
second surface of the substrate 110, an amount of a glass frit
contained in the back electrode layer 153 may be reduced to
be equal to or less than about 1 wt % per unit volume of the
second electrode 150.

More specifically, when the back electrode layer 153 is
firmly attached to the back passivation layer 170 positioned
on the second surface of the substrate 110 without using the
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adhesion enhanced layer 190, the amount of the glass frit
contained in the back electrode layer 153 has to increase.

Because the glass frit of the back electrode layer 153 con-
tains lead (Pb) when the adhesion enhanced layer 190 is not
used, the back electrode layer 153 may physically perforate
the back passivation layer 170 in the thermal process. How-
ever, when the amount of the glass frit increases, an environ-
mental pollution may be caused by lead (Pb) contained in the
glass frit.

On the other hand, in the embodiment of the invention,
because the adhesion enhanced layer 190 does not contain
lead (Pb), the environmental pollution is not caused.

Further, because the adhesion enhanced layer 190 accord-
ing to the embodiment of the invention does not physically
perforate the back passivation layer 170, the back passivation
layer 170 is not damaged. Thus, the passivation function of
the back passivation layer 170 is not reduced.

FIG. 6 is a graph indicating a reflectance of the adhesion
enhanced layer depending on the thickness of the adhesion
enhanced layer according to the embodiment of the invention.

In FIG. 6, an x-axis indicates the thickness of the adhesion
enhanced layer 190, and a y-axis indicates a reflectance of the
adhesion enhanced layer 190. In FIG. 6, a reflectance of light
having a wavelength of, for example, about 1,100 nm was
measured.

As described above, because the refractive index of the
adhesion enhanced layer 190 is greater than the refractive
index of the back passivation layer 170, light of a long wave-
length band (for example, about 900 nm to 1300 nm), which
is not absorbed in the substrate 110 among light of various
wavelength bands incident on the first surface of the substrate
110, may be again reflected into the substrate 110.

As described above, a reflectance of the light of the long
wavelength band may vary depending on the thickness of the
adhesion enhanced layer 190.

Accordingly, as described above, the thickness of the adhe-
sion enhanced layer 190 according to the embodiment of the
invention may be about 10 nm to 100 nm. The thickness (i.e.,
about 10 nm to 100 nm) of the adhesion enhanced layer 190
may be an optimum thickness capable of reflecting the light of
the long wavelength band.

As shown in FIG. 6, when there was no adhesion enhanced
layer 190, i.e., the thickness of the adhesion enhanced layer
190 was zero, a reflectance of light reflected in a direction
travelling from the second surface to the first surface of the
substrate 110 was equal to or less than about 50%.

On the other hand, when the adhesion enhanced layer 190
according to the embodiment of the invention was formed and
the thickness of the adhesion enhanced layer 190 was about
10 nm, the reflectance of the adhesion enhanced layer 190
was about 58%. Further, when the thickness of the adhesion
enhanced layer 190 was about 100 nm, the reflectance of the
adhesion enhanced layer 190 was about 62.5%. According to
FIG. 6, high reflectance (greater than about 65%) occurs
when the thickness of the adhesion enhanced layer 190 was
about 40 nm to about 80 nm.

When the thickness of the adhesion enhanced layer 190
continuously increase, the reflectance of the adhesion
enhanced layer 190 has the form of a square wave such as a
sine wave and a cosine wave.

Accordingly, it is preferable, bur not required, that the
thickness ofthe adhesion enhanced layer 190 according to the
embodiment of the invention is about 10 nm to 100 nm.

So far, the embodiment of the invention described that the
adhesion enhanced layer 190 contacts and is directly formed
on the back passivation layer 170. Alternatively, the solar cell
according to the embodiment of the invention may further
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include a diffusion barrier layer between the back passivation
layer 170 and the adhesion enhanced layer 190.

FIG. 7 shows that the solar cell according to the embodi-
ment of the invention further includes a diffusion barrier layer
between the back passivation layer and the adhesion
enhanced layer.

As shown in FIG. 7, the solar cell according to the embodi-
ment of the invention may further include a diffusion barrier
layer 180 between the back passivation layer 170 and the
adhesion enhanced layer 190.

The diffusion barrier layer 180 positioned between the
back passivation layer 170 and the adhesion enhanced layer
190 prevents aluminum (Al) contained in the paste for the
second electrode 150 from being diffused into the back pas-
sivation layer 170 in the thermal process for forming the
second electrode 150.

The diffusion barrier layer 180 may contain silicon nitride
(SiNy). Silicon nitride (SiN ) contained in the diffusion bar-
rier layer 180 is combined with aluminum (Al) contained in
the back electrode layer 153 in the thermal process for form-
ing the second electrode 150, thereby preventing aluminum
(Al) from being diffused into the back passivation layer 170.
Hence, a reduction in the passivation function of the back
passivation layer 170 resulting from the diffusion of alumi-
num (Al) of the back electrode layer 153 into the back passi-
vation layer 170 may be prevented.

A refractive index of the diffusion barrier layer 180 may
have a value between the refractive index of the adhesion
enhanced layer 190 and the refractive index of the back pas-
sivation layer 170. For example, the refractive index of the
diffusion barrier layer 180 may be about 2.1 to 2.3 between
the refractive index of the adhesion enhanced layer 190 and
the refractive index of the back passivation layer 170. A
thickness of the diffusion barrier layer 180 may be about 30
nm to 70 nm.

As the respective refractive indexes of the back passivation
layer 170, the diffusion barrier layer 180, and the adhesion
enhanced layer 190 are numbers that increases in going from
the back passivation layer 170 to the adhesion enhanced layer
190, the reflectance of the adhesion enhanced layer 190 may
be further improved.

Further, the diffusion barrier layer 180 may be formed by
changing only a process gas in the same chamber as the
adhesion enhanced layer 190. Thus, the manufacturing cost of
the solar cell including the diffusion barrier layer 180 may be
reduced.

More specifically, silane (SiH,) gas and hydrogen (H,) gas
as the process gas are used to deposit the adhesion enhanced
layer 190 including at least one of the intrinsic amorphous
silicon layer 1905 and the intrinsic microcrystalline silicon
1904'. Further, silane (SiH,) gas and ammonia (NH,;) gas as
the process gas are used to deposit the diffusion barrier layer
180 containing silicon nitride (SiNy).

Accordingly, silane (SiH,) gas and ammonia (NH;) gas as
the process gas are injected into the back passivation layer
170 to deposit the diffusion barrier layer 180 on the back
passivation layer 170. Next, silane (SiH,) gas and hydrogen
(H,) gas, instead of ammonia (NH,) gas, as the process gas
are injected into the diffusion barrier layer 180 in the same
chamber as the diffusion barrier layer 180 to deposit the
adhesion enhanced layer 190 on the diffusion barrier layer
180. Namely, the same chamber is used to deposit the diffu-
sion barrier layer 180 and the adhesion enhanced layer 190.

Accordingly, the manufacturing cost of the solar cell
according to the embodiment of the invention including the
diffusion barrier layer 180 and the adhesion enhanced layer
190 may be reduced.
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As described above, the solar cell according to the embodi-
ment of the invention includes the adhesion enhanced layer
190 on the second surface of the substrate 110, thereby firmly
attaching the back electrode layer 153 to the second surface of
the substrate 110. Hence, an adhesive strength of the back
electrode layer 153 may be improved. The solar cell accord-
ing to the embodiment of the invention holds a state, where
the back electrode layer 153 and the connection electrodes
151 are not physically and electrically separated from each
other and are firmly attached to each other, in the tabbing
process for connecting the plurality of solar cells to one
another using the interconnectors. Further, the solar cell
according to the embodiment of the invention efficiently
reflects light of the long wavelength band, thereby further
improving the efficiency of the solar cell.

The solar cell according to the embodiment of the inven-
tion further includes the diffusion barrier layer 180 between
the back passivation layer 170 and the adhesion enhanced
layer 190, thereby further improving the reflectance of light
of the long wavelength band. Further, a reduction in the
passivation function of the back passivation layer 170 may be
prevented, and the efficiency of the solar cell may be
improved.

Although embodiments have been described with refer-
ence to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the scope of the principles of this disclosure.
More particularly, various variations and modifications are
possible in the component parts and/or arrangements of the
subject combination arrangement within the scope of the
disclosure, the drawings and the appended claims. In addition
to variations and modifications in the component parts and/or
arrangements, alternative uses will also be apparent to those
skilled in the art.

What is claimed is:

1. A solar cell comprising:

a substrate containing impurities of a first conductive type;

an emitter region positioned at a first surface of the sub-
strate, the emitter region containing impurities of a sec-
ond conductive type opposite the first conductive type;

a first electrode which is positioned on the first surface of
the substrate and is electrically connected to the emitter
region;

a back passivation layer positioned on a second surface
opposite the first surface of the substrate, the back pas-
sivation layer having a plurality of holes and containing
at least one of aluminum oxide (AlOx), silicon oxide
(Si0x), silicon nitride (SiNx), and silicon oxynitride
SiOxNy);

an adhesion enhanced layer positioned on the back passi-
vation layer, the adhesion enhanced layer containing at
least one of intrinsic amorphous silicon and intrinsic
microcrystalline silicon, and having a plurality of holes;
and

a second electrode which is positioned on the adhesion
enhanced layer and is electrically connected to the sub-
strate through the plurality of holes of the adhesion
enhanced layer and the plurality of holes of the back
passivation layer, the second electrode including a plu-
rality of connection electrodes and a back electrode
layer, the plurality of connection electrodes being posi-
tioned inside the plurality of holes of the adhesion
enhanced layer and inside the plurality of holes of the
back passivation layer, and the back electrode layer
being positioned on the plurality of connection elec-
trodes and the adhesion enhanced layer,
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wherein the adhesion enhanced layer further includes a
metal-silicon alloy layer, and

the metal-silicon alloy layer is positioned at an interface
between the adhesion enhanced layer and the back elec-
trode layer as well as at an interface between an inside
surface of'the plurality ofholes of the adhesion enhanced
layer and the plurality of connection electrodes but the
metal-silicon alloy layer is not positioned at an interface
between an inside surface of the plurality of holes of the
back passivation layer and the plurality of connection
electrodes.

2. The solar cell of claim 1, wherein the metal-silicon alloy
layer is an aluminum-silicon alloy layer.

3. The solar cell of claim 1, wherein a thickness of the
adhesion enhanced layer is about 10 nm to 100 nm.

4. The solar cell of claim 1, wherein a refractive index of the
adhesion enhanced layer is greater than a refractive index of
the back passivation layer.

5. The solar cell of claim 1, wherein a refractive index of the
adhesion enhanced layer is about 3.7 to 4.2.
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6. The solar cell of claim 1, further comprising a diffusion
barrier layer positioned between the back passivation layer
and the adhesion enhanced layer.

7. The solar cell of claim 6, wherein the diffusion barrier
layer contains silicon nitride (SiNy).

8. The solar cell of claim 6, wherein a refractive index of the
diffusion barrier layer is about 2.1 to 2.3.

9. The solar cell of claim 6, wherein a thickness of the
diffusion barrier layer is about 30 nm to 70 nm.

10. The solar cell of claim 1, wherein the back passivation
layer includes a plurality of layers.

11. The solar cell of claim 10, wherein the back passivation
layer includes a first passivation layer abutting on the sub-
strate and a second passivation layer positioned on the first
passivation layer.

12. The solar cell of claim 11, wherein the first passivation
layer contains aluminum oxide (AlOx), and the second pas-
sivation layer contains silicon oxide (SiOx).

13. The solar cell of claim 11, wherein a thickness of the
first passivation layer is about 5 nm to 15 nm, and a thickness
of the second passivation layer is about 150 nm to 250 nm.
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